Innocuous character of [ethylenebis(oxyethylenenitrilo)]tetraacetic acid and EDTA as metal-ion buffers in studying Ca2+ binding by alpha-lactalbumin.
The binding of EGTA and EDTA to alpha-lactalbumin, first demonstrated by Kronman and Bratcher (Kronman, M. J., and Bratcher, S. C. (1983) J. Biol. Chem. 258, 5707-5709) and afterwards regarded as a significant source of error in estimating the binding constant of Ca2+ to the protein, has been investigated by comparison of the thermal unfolding curves of the protein in the absence and presence of the chelators and also by measuring the NMR spectra of the protein, the chelators, and the protein-chelator mixtures. The unfolding curve in the presence of a large excess of each chelator has been found to be identical to that in the absence of chelator, indicating that there is essentially no interaction between the chelators and alpha-lactalbumin. The NMR results have also supported this conclusion, and the innocuous character of these chelators as metal-ion buffers in studying the Ca2+-binding properties of alpha-lactalbumin is demonstrated. In order to re-examine the binding constant for Ca2+ of alpha-lactalbumin without the aid of chelating metal-ion buffers, the thermal unfolding curve of the protein in the presence of 0.1 mM excess Ca2+ but without chelators has been compared with the unfolding curve in the absence of Ca2+ at a constant concentration of Na+ (0.010 or 0.10 M) at pH 7.0. The binding constant of alpha-lactalbumin can be calculated from the increment of melting temperature caused by the presence of Ca2+ and from the enthalpy and heat capacity changes in the unfolding. Because Ca2+ binding to the unfolded protein can be neglected under the conditions employed, the binding constant evaluated corresponds to the binding constant to protein that has native structure. The constant obtained is 3-5 X 10(9) M-1 after corrections for binding of Na+ to the protein and for ionic strength, and this shows excellent agreement with the corresponding value previously estimated (2.9 +/- 1.0 X 10(9) M-1), although the latter value was obtained in the presence of EDTA. The apparent Ca2+-binding constant that has been discussed in most previous studies, without taking account of the folding-unfolding equilibrium associated with the binding process, also depends on the concentration of monovalent cations such as Na+, and the present results lead to values of 1.5 X 10(8) and 8.7 X 10(6) M-1 at 0.01 and 0.1 M Na+, respectively.